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Scanning electron microscopic study of normal human
glomerulogenesis and of fetal glomeruli in congenital nephrotic
syndrome of the Finnish type
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Department of Pathology, University at Oulu, Oulu and Children's Hospital, University at Helsinki, Helsinki, Finland
Although the normal morphogenesis of the developing gb-
merulus has been thoroughly investigated by light and transmis-
sion electron microscopy [1—51, the three-dimensional structure
of glomeruli and the visceral epithelial cells covering their
capillaries are best studied by scanning electron microscopy
(SEM). A few studies have been performed on adult normal and
nephrotic human glomeruli and those of experimental animals
[6—12]. The SEM stereoscopic view of the epithelial cells has
provided new insight into the foot process changes in massive
proteinuria as compared with the picture derived from transmis-
sion electron microscopic studies [7, II, 12]. The foot process
loss in the most mature glomeruli in the fetal kidneys of
congenital nephrotic syndrome of the Finnish type (CNF) has
been thought to be due to heavy fetal proteinuria [13].
Glomerulogenesis in normal human fetuses has not been
studied with SEM. Also, transmission electron microscopic
studies on fetuses have not provided information of the devel-
opment of podocytes in congenital nephrotic syndrome. We
report the normal development of human glomeruli as seen by
SEM and the changes caused by fetal nephrosis. Special
emphasis was paid to the possible effect of fetal nephrosis prior
to the final maturation of the podocytes.
Methods
Kidneys from 3 CNF and 5 control fetuses were obtained
from elective abortions at 13 to 24 weeks of gestation. The
pertinent data of the fetuses is presented in Table I. The
termination of pregnancy was carried out by prostaglandin
induction in patients no. 2, 3, and 4, and by hysterotomy in the
others. The fetuses were autopsied within 2 hours after deliv-
ery. They were all macroscopically normal.
The antenatal diagnosis of congenital nephrotic syndrome
was based on elevated alpha fetoprotein (AFP) concentrations
of maternal serum samples and amniotic fluid. This diagnosis
was confirmed by transmission electron microscopic study of
the kidneys, which showed loss of foot processes in the most
mature glomeruli. In the controls there were no pathologic
changes seen by light microscopic study of kidney specimens.
Patients no. 5 and 7 were studied also by transmission electron
microscopy and showed a normal foot process arrangement.
For scanning electron microscopy, tissue pieces of 5 mm x 5
mm x 3 mm were cut from kidneys and immersed in 3%
glutaraldehyde buffered with 0. 1 M phosphate buffer. Each slice
contained both the whole cortex and medulla. After fixation,
the specimens were washed and treated with thiocarbohvdra-
zide and postfixed with 1% osmium tetroxide [141. The samples
were dehydrated in increasing concentrations of ethanol and
critical-point dried using carbon dioxide. They were then eKam-
med with a Jeol JSM-35 at a gun potential of 20 kV.
Results
Glomeruli were divided into 3 arbitrary stages of maturity.
The glomerulus was regarded as being at stage I when the
visceral surface epithelium consisted only of evenly distributed
cuboidal cells with no cytoplasmic branchings (Fig. I). In the
next stage of development the cuboidal epithelial cells were
flattened and there were many cytoplasmic buds on the cell
margins, signifying the initiation of cell process formation (Fig.
2). In some areas of the glomerular surface the cytoplasmic
processes were well developed and regular interdigitations of
adjacent processes could be seen (Fig. 3). Most of the investi-
gated glomeruli belonged to stage 2.
The most mature glomeruli, stage 3, were situated in the
juxtamedullary region of the kidney cortex. They were ex-
tremely few in number, and none was found in the kidney of a
13-week-old fetus. In these glomeruli most of the epithelial cells
were trabeculated, with regularly branching processes winding
tightly around the capillary loops. The bodies of the epithelial
cells were situated in the grooves between the capillary loops so
that the surface of the capillary was covered only by process
parts of epithelial cells (Figs. 4 and 5). In all the fetuses studied
the glomerular development was similar. The only noteable
finding in different age groups of normal fetuses was the
increase in process formation of epithelial cells with advancing
fetal age. Thus, in the 13-week-old fetal kidney there were only
a few glomeruli with epithelial cell processes, and in the 24-
week-old fetal kidney, most of the glomeruli examined showed
cytoplasmic branchings of epithelial cells.
In kidneys exhibiting congenital nephrotic syndrome all the
above-mentioned stages of glomerular development were
found, the great majority of them belonging to maturity stage 2.
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Table 1. Data of the investigated fetuses
Indication for Gestational Amniotic fluid AFP"
Patient termination of age (maternal serum sample)
no. pregnancy weeks ngl,nI Comments
CNF 16 156,000 Risk family for CNF.
32) One previous affected
child
CNF 17 220,000 (Same as above)
56)
3 CNF 17 203,000 (Same as above)
(Not done)
4 Social reasons 13 Not done
5 Social reasons 16 Not done
6 Social reasons 20 Not done
7 Congenital rubella 22 Not done Maternal infection at
13th gestational week
8 Maternal disease 24 Not done
Upper limits of normal amniotic fluid aiphafeto protein, (AFP), mean + 5 si, 23,711 ng/ml (16 gest. weeks), 15.900 ng/ml (17 gest. weeks). For
maternal serum sample. AFP, mean + 2.5 SD, 71 ng/ml (lb gest. weeks), 75 ng/ml (17 gest. weeks).
Fig. I. Suiface qf a stage-i glomeru/us from the
outer cortex of a norma/fetus aged 16 weeks. The
epithelium consists of cuboidal cells with no cyto-
plasmic branchings. The individual cells are
smooth and cell margins are rounded. x 1950.
The epithelium showed, however, features that were not seen in were flat and irregularly branching. There was also a loss of
the controls. There was a marked variation in the size and shape interdigitation of neighboring processes. Numerous long and
of individual epithelial cells. They were irregularly arranged and slender microvillus structures projected out from the body and
occurred in clusters, which gave the surface an uneven appear- process parts of the epithelial cells. They seemed to be longer
ance (Fig. 6). The cytoplasmic processes of the epithelial cells and more numerous than in the controls (Fig. 7).
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Fig. 2. A glomerulus in early
stage-2 from the mid-cortex of
a normal fetus aged 20 weeks.
The visceral epithelial cells are
flattened and the margins of
the cells show numerous cyto-
plasmic buds (arrows). From
these buds primary processes
are formed. x1440.
Fig. 3.A stage-2 glomerulus from the
midzonal region of the kidney cortex
of a normal 16-week-old fetus. The
epithelial cells are evenly distributed,
and in some areas well developed
cytoplasmic processes are seen (ar-
rows). x790.
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Fig. 4.A stage-3 glomerulus from the
deeper cortex of a normal 20-week-
old fetus. Two capillary loops cov-
ered by cytoplasmic processes of epi-
thelial cells are distinguished (C).
x 1650.
Fig. 5. Interdigitations qf epi-
thelial cell processes in a nor-
mal glomerulus of a 20-week-
old healthy fetus. x9600.
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Fig. 6. A glomerulus from the kidney of a 16-week-
old fetus with congenital nephrotic syndrome. The
size and shape of epithelial cells vary, and they
form irregular cell groups (small arrows). The
cytoplasmic processes are flattened and randomly
distributed (large arrow). x930.
Fig. 7. The cytoplasmic pro-
cesses of epithelial cells in a
glomerulus of a 16-week-old
fetus with congenital ne-
phrosis. The processes are
flat and broad and branch
irregularly. Microvillous
processes are shown with an
arrow. x9600.
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Discussion
The features of glomerular morphogenesis have been well
established by light and transmission electron microscopic
studies. These methods have provided a two-dimensional and
incomplete picture of the differentiation of the visceral epitheli-
al cells. The present study shows that new information concern-
ing the development of the glomerular surface structure can be
obtained by SEM. The near total view of the glomerular sphere
assists in the estimation of the stage of glomerular maturation as
compared with methods based on sections. The differentiation
of the initially cuboidal visceral epithelium into fully developed
podocytes begins in a segmental fashion and its different phases
of maturation are easily seen by SEM. In congenital nephrotic
syndrome no major developmental defects were found in gb-
merulogenesis. In this respect the study supports earlier light
and transmission electron microscopic findings. In the surface
architecture of congenital nephrotic glomeruli, however, there
are features that have not been described before. Whether the
variation of shape and size of individual epithelial cells and the
organization of cells into irregular groups are defects caused
directly by the underlying disease or merely consequences
caused by the massive proteinuria is not known. The loss of
interdigitation and flattening and shortening of epithelial cell
processes are in accordance with previous findings in the
nephrotic kidney. Our study of congenital nephrotic syndrome
shows that scanning electron microscopic investigation may
offer some diagnostic help in addition to light and transmission
electron microscopy in suspected cases of diseased fetuses.
Summary. Kidneys from 5 normal fetuses and 3 with congeni-
tal nephrotic syndrome gestational age of 13 to 24 weeks, were
studied under a scanning electron microscope, Differentiation
of the visceral epithelial cells was observed in normally devel-
oping gbomeruli. The originally cuboidal, smooth epithelial cells
first flattened and acquired cytoplasmic buds on the cell margin.
The buds gradually grew longer and branched out to form
regular interdigitating foot processes. In the most mature gb-
meruli the majority of the visceral epithelial cells were trabecu-
lated and the cytoplasmic processes were tightly wound around
the glomerular capillaries. In the glomeruli of specimens from
fetuses with congenital nephrotic syndrome the epithelial differ-
entiation was different. The individual epithelial cells varied in
size and shape and formed irregular cell groups. The cytoplas-
mic processes of visceral epithelial cells were shortened and
flattened. Also, there was a marked loss of interdigitation of
adjacent processes. The findings confirm previous transmission
electron microscopic observations of pathological foot process-
es in glomeruli of fetuses with congenital nephrotic syndrome
and show that the differentiation of the visceral epithelial cells is
abnormal prior to the formation of the final interdigitating
processes.
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